Abstract. This paper using evidence from the Spanish housing market contributes significantly to the debate concerning the different results obtained from house price indices depending on the method used to build the index. Utilising a large database over the period 1994 to 2012, the paper constructs a time dummy hedonic index (HD) and an imputed hedonic index using a Laspeyres approach (HI), and compares the different effect on the price index evolution. The paper discusses control by quality changes and identifies those attributes experiencing structural changes over the analysis period, identified by the HI index but not by the HD index. Results indicate that changes in quality stem from socio-demographic conditions rather than changes to housing quality (other than size). The paper also shows that improvements in neighbourhood quality rather than change in a 'typical house' affects house price and argues that these considerations are important in both the method selected to calculate house price indices and the application of the methodology to estimate price changes.
Introduction
In the post Global Financial Crisis era there has been increasing attention given to the construction of house price indices globally and particularly in European countries with a growing number of public institutions and governments publishing house price indices in an open-access format. This stems from the perception that house prices have macro-economic effects and that continuous monitoring in support of the identification of economic imbalances (European Economy [EU] , 2012) facilitates transparency in the market. Given this context, a number of studies have focussed on the macro effects of house price deviation from their long term trend, the role of monetary channels of transmission influences, and the effect of the 'housing channel' on consumption prices (Mishkin, 2007;  Bank for International Settlements [BIS], 2008; Taltavull & White, 2016; R. Grover & C. Grover, 2014) , demonstrating the relevance of housing price indices. Furthermore, at the European level, the EU is advocating the building of price indices for member countries using the same methodology (Eurostat, 2013) and the requirement for central banks to capture market data (also for non-residential real estate markets 1 ) in order to observe patterns in house prices. Furthermore, financial and investment institutions need reliable indices in updating their balance sheets in accordance with the mandatory regulations (Nikolov, 2014) .
Most studies are based on the current price index published in each country but discussion has intensified concerning to what extent indices correctly reflect the true housing values. Consequently, the debate on house price index methodology has had a renewed interest in different forums. However, complexity arises from the heterogeneous nature of housing in terms of location, structure, composition and behaviour with price considered to represent how a household evaluates attributes according to income, education, quality and other characteristics. Such multiplicity of attributes makes it difficult to determine the best approach to the construction of house price indices. The consensus is that to capture the contribution of such that the emphasis on using hedonics potentially ignores the role of general market fundamentals not captured by the changes in attribute prices.
The evidence underpinning this analysis is a micro database of properties with a large bundle of characteristics that include housing variables, accessibility to transport, building and neighbourhood amenities, and city features. The database covers urban areas of differing function and size. There is a particular focus on four provinces in Spain where sufficient observations are available to be both representative of the market and allow application of different index construction methodologies. Geographical coverage in the database includes most of the Mediterranean coast from Barcelona to Murcia, plus the Madrid province. Through utilisation of this large and in many respects unique database, the originality of this paper lies in the varying evidence, reflected in the house price indices, from different housing markets using similar methodology. Furthermore, to the best of our understanding, this paper represents the first analysis for Spanish housing prices adding to the novelty of the research.
The paper consists of six further sections. In section one, literature sources on hedonic house price modelling and index models are reviewed, while section two provides fuller details on the database and estimation process utilised in this research. Section three elaborates further on the variables used in the analysis. In section four, results from the hedonic models are interpreted, while section five is a discussion on index relationships. Last section draws conclusions from the research and emphasises how economic and potential policy interpretations may be different depending on the mode of index construction.
Literature review
The literature on hedonic models is rich in terms of the volume and quality of papers (for example Rosen, 1974; Linneman, 1980; Haurin, Hendershott, & Kim, 1991; Peek & Wilcox, 1991; Geltner, 1993; Adair, Berry, & McGreal, 1996; Clapp, 2004; Herath & Maier, 2010; Hill, 2011; Goh et al., 2012) . The perceived strength of hedonic models is their ability to control for housing quality, however there are downsides namely the potential of producing biased estimation of the price index. This may occur when the functional form is not specified correctly (misspecification bias), when all relevant hedonic characteristics are not included (omitted variable bias), when not all relevant houses are observed or some are more likely to be recorded than others (sample selection bias 3 ), or the parameters have changed over time 4 . These conditions can produce biased parameters, although as Case and Wachter (2005) , Coulson (2012) and others consider hedonic price meth-3 See Gatzla and Haurin (1998) . 4 Hill (2011) factors, house prices need to be quality adjusted to reflect the interaction between characteristics, demand factors and perception of worth. Indeed, house prices may be influenced by the behaviour of consumers rather than an exact sum of their physical characteristics although such focus is rarely treated in house price index construction. The hedonic model approach is viewed in many quarters as a robust technique capable of building house price indices taking regard of a range of factors. The Rosen (1974) definition refers to a 'joint-envelope function' which captures consumers' preferences with the hedonic equation embracing a combination of attributes and estimations possible from demand or supply side observations, dependent on model specification. Indeed, one of the merits of hedonic models is the ability to capture the weight of each attribute reflecting purchaser preference, willingness to pay or taste at a neighbourhood level (Tse, 2002) . Hedonic models have become very popular in building house price indices controlled by quality (Herath & Maier, 2010) . However, index construction has often followed traditional methodology based on Laspeyres or Paasche indices (Coulson, 2012; Case & Wachter, 2005; Goh, Costello, & Schwann, 2012) with the impact of behavioural effects captured by allowing attributes to vary over time reflecting changes in tastes (see Hill, 2011 for a literature summary).
This paper focuses on dissimilarities in house price indices resulting from the use of various methodologies with the objective of testing for differences between indices calculated using two hedonic methods: one allowing the shadow price to vary over time (HI) and the other based on time dummies (HD) not allowing this variation both controlling by location. The results from these models are compared with one of the two official indices for Spain, the Ministery of Fomento index 2 . The indices in this paper are constructed using asking or list prices, thereby capturing the supply side of the market, while also being consistent with the methodology used by the official Spanish institution above. Significantly, in economic and policy terms, the findings from the indices constructed in this paper indicates that the main reason for price growth over a long period has been the increase in the quality of houses during the period of price expansion and the perception of Spanish house prices experiencing irrational growth is shown to be unfounded. The paper also suggests ods are reasonably robust to minor violations of these conditions. To address such problems, the repeat sales (Case & Shiller, 1987; Shiller, 2008; Nagaraja, Brown, & Wachter, 2014 ) method has been advocated using different price information for same the property transactions at different points in time. This method has been extended through the Freddie Mac and OFHEO indices but suffers from a lack of control of various attributes over time and from a lack of sufficient observations (Rappaport, 2007; McMillen, 2008) . Hybrid models combining attributes of both repeat-sales and hedonic price methods have also been used (see for example Quigley, 1995; Shiller, 1987 and Shiller, 1993) although the method imposes the constraint that estimated shadow prices are time invariant. Wood (2005) contends that combined methods are important as houses are heterogeneous making sale prices difficult to predict and that market price is not easy to observe. For these reasons house prices are characterised by different datasets and by varying interpretations at different periods. Hedonic models commonly assume a loglinear relationship between price and attributes (Malpezzi, 2002; Sirmans, MacDonald, Macpherson, & Zietz, 2006) but there is considerable debate concerning the arbitrary functional form assumption. The source of identification problems is the linearization pattern normally applied in non-linear hedonics without using all the information in the model (Ekeland, Heckman, & Nesheim, 2002 , 2004 . Recent studies have focussed on mainly three areas. Firstly, the role of heterogeneity among households on housing prices at a community level (Yinger, 2015) and specificities of regional house price construction (Ericson, Song, Winstrand, & Wilhelmsson, 2013) . Secondly, the role of spatial heterogeneity and correlation when estimating prices corrected by characteristics and controlling index construction by the spatial effects (Nappi-Choulet & Maury, 2009; Helbich, Brunauer, Vaz, & Nijkamp, 2013; Taltavull de La Paz, López, & Juárez, 2017; Hill & Scholz, 2016) . Thirdly, addressing time through continuous (Waltl, 2016) or chained indices (Syed & de Hann, 2017) .
House price indices construction
The consensus in the literature is that estimation of house price indices (Coulson, 2012; Case & Wachter, 2005; Quigley, 1995; Case & Shiller, 1987; A. Ramalho & J. Ramalho, 2011; Mack & Martínez-García, 2011) has to take account of housing heterogeneity and location. Encapsulated within this is the key question concerning how to control by quality given the different nature of the commodity (housing) and the quantity consumed. However, beyond this initial point of agreement there is an apparent lack of consensus on how an index should be constructed though three main methods to build house prices indices are frequently reported in the literature (Rapport, 2008; Coulson, 2012; Goh et al., 2012; P. Maguire, Miller, Moser, & R. Maguire, 2016) .
The first approach, index weighting, takes a simple average of observed house prices in one period, using either the mean or the median. The weighting is calculated using the number of observed transactions in a specific location and is considered to represent the observed house price and thus ignores the heterogeneity problem. While such indices are more simple in terms of construction, their underlying weakness is not controlling for attributes (Hill, 2011; Goh et al., 2012) , an observation that has been stressed consistently across the literature. For example, Wu, Deng, and Liu (2014) argued that the simple average method fails to take account of housing quality adjustment, nevertheless these authors observed that in emerging housing markets such as China the initial price index was based on a weighted average method. Furthermore, such approaches have received applicability in mature markets, with the median value method used by the National Association of Realtors in the US (Bollerslev, Patton, & Wang, 2016) .
The second method is the hedonic with prices corrected by quality through identifying attribute contribution to price, or shadow prices, and isolating the pure impact on prices. This is the main advantage of the hedonic approach but a fundamental challenge, again observed across the literature, is the requirement for extensive data sets (Clapman, Englund, Quigley, & Redfearn, 2006) given the infrequency of sale (Wood, 2005; Rappaport, 2007; Bollerslev et al., 2016) . The functional form in a hedonic equation (Equation 1) is akin to regression, where P is the log of transaction prices, x it is the 'i' house attributes matrix, b i1 and b 0 are the parameters to be estimated.
(1) The hedonic perspective is utilized to build price indices either using time dummies to estimate quality controlled house prices index (HD -Time-Dummy Hedonic Models) or imputed prices (HI -Hedonic Imputed models) (Hill & Melser, 2008; Diewert, Heravi, & Silver, 2009; Dorsey et al., 2010) where the prices are predicted based on the property attributes (in both cases).
The HD index is generated using time dummy variables to capture the time dimension, also including housing characteristics to control for quality. It takes the functional form shown in Equation 2.
where: b 0 refers to differences in location affecting prices (following Coulson, 2012 ); x it refers to 'i' housing attributes; D t is the time dummy components allowing the estimation of the price index through the b 2 parameters; b 2t gives the price index controlled by quality; b i1 reflects the shadow price of each 'i' characteristic.
Although the time-dummy hedonic has been used extensively (for example Ericson et al., 2013) , the HD method is limited, as the estimation of time dummies is related to a constant attributes matrix and does not allow shadow prices of characteristics to change over time (Hill & Melser, 2008; Silver & Heravi, 2007) . As argued by Bianconi and Yoshino (2013) this may over or under estimate the value of the index. The estimation is undertaken for the whole period and the index is obtained through the estimated dummy parameters whereas the imputed method allows the estimated parameters to vary over time.
The advantages of the imputed method (HI) are flexibility in the treatment of regression parameters and the ability to reduce the impact of the omitted variable bias (Syed & de Hann, 2017) and this approach has become an increasingly popular method of index construction. Estimated prices are explained by the hedonic model, illustrated in Equation 3.
In building the index, imputed hedonic indices reconstruct the price based on the attributes and their shadow prices. This method allows for changes in quality compared with a constant quality reference-the 'typical house' , the attributes of which are the mean of the observed attributes in each property over the period. The quality controlled house price is estimated, based on a combination of standard attributes forming the 'typical house' , from which the attribute structure is fixed in the base period through a definition of a base-bundle of characteristics (Case & Wachter, 2005; Diewert, 2010) and then applied to the rest of observations (Equation 4) 5 . The index takes the Laspeyres/Paasche/Fisher form (Griliches, 1991) with the typical house price as the reference (Pm ji0 _hat in equation (4), Coulson, 2012 and Wachter, 2005) ( ) *100 ( )
where: 'Pm'_hat is the estimated median prices at each point in time 't' of a house 'i' in the city/neighbourhood 'j' . The imputed method is calculated through disaggregation by geographic level, though Goh et al. (2012) report increasing model instability when the index is calculated at finer levels of geographical disaggregation. Nevertheless, Diewert et al. (2009) conclude that the hedonic imputation method is better than hedonic time dummies in allowing for changing prices of characteristics over time and providing greater flexibility but at the cost of using-up more degrees of freedom and leading to a less reproducible estimate of overall price change between periods. Furthermore, the hedonic imputation method, employing a traditional Laspeyres/Paasche/Fisher index methodology, and using a quality adjusted function or fixed base comparison has received common usage (Coulson, 2012; Prasad & Richards, 2008; Case & Wachter, 2005) . Some authors, for example Syed and de Hann (2017) have discussed the potential of a chain-linked index to overcome the comparability problems of direct indices and reducing the spread associated with Paasche-Laspeyres indices but observe that chaining may "introduce a drift in price comparison causing the chained index to deviate from the direct index" (p. 588). The impu-tation method has been widely employed in the price index literature and has been found to be the best with lower error measures (Goh et al., 2012) .
A third method, repeat sales, is only utilisable for properties transacted twice or more to estimate the index. This method is quality-controlled (Quigley, 1995) through adjusting the increase in prices for any improvements in the house. Repeat sales form the basis of many current indices including the known as Case-Shiller index (Standard and Poor᾽s/Case-Shiller (SPCS) Home Price). However, the repeat sales index has received particular criticism on a number of grounds. First, that only a small percentage of properties have matching sales leading to aggregation bias. Second, that the subset may not be representative of the entire housing stock leading to sample selection bias. Third, that houses which resale frequently tend to appreciate at higher rates. Fourth, that short holding periods may capture significant improvement to properties thereby violating assumptions on constant quality (Maguire et al., 2016; Bollerslev et al., 2016; Goh et al., 2012) . Indeed, Goh et al. (2012) identified that of five different models/variations they assessed, the repeat sales model was the least preferred.
The need to control for heterogeneity is recognised in the literature with a number of sources of quality differences identified. First attributes change over time, hence the composition of sold properties varies, for instance there may be a greater concentration of luxury homes transactions or second-homes thereby affecting prices (McMillen, 2008) . Second the valuation of attributes change over space, for example a third room in a house could be more highly valued in cities or view could have distinct value depending on the particular market. Third the attractiveness of areas also changes over time due to demand tastes or characteristics making 'betas' shift and changing either the shadow prices or weights of attributes in contributing to final house prices (defined by McMillen, 2008, p. 573, as ' change in the structural explanatory variables') 6 . Thus, with respect to Equation 1 an ideal index should let the two parameters, (b i0 measuring differences on space and b it measuring the shadow prices) and the distribution of X it vary.
6 Bias arising from spatial and time autocorrelation within data (Case & Wachter, 2005) and from mean reversion and diffusion of innovation over space (Hwang & Quigley, 2010) present further issues in index construction. Bias in hedonic price indices stemming from auto-regression in model residuals is well supported in the literature (Goodman & Thibodeau, 1995) and the case has been made by several authors to extend methodology beyond hedonic techniques and incorporate spatio-time autoregressive models (Stimson, 1985; Anselin, 1999; Dubin, Pace, & Thibodeay, 1998; Pace, Kelley, Gilley, Otis, & Sirmans, 2000) . These models are considered to reduce the problems of bias resulting from local observed and unobserved property/neighbourhood attribute correlations through introducing spatial and time parameters and providing more robust estimation for house price indices. These models require observation to be geo-referenced.
The main problem with such indices is that changes in quality, with changes in taste, technology and time bring about changes in commodity characteristics (Coulson, 2012) and the need to reconsider the 'typical bundle' in recalculating the index. When weights of commodities in household consumption change, the index based on the original weight structure does not reflect the reality of prices and the new estimated prices, based on the different weights, are not homogeneous with each change in attribute structure generating a break in the statistical series.
Essentially, the Laspeyres index measures the price in period t related to the base period of a bundle of commodities (x 1,t = 0 , … x n,t = 0 ), where a constant combination of commodities in the bundle at both periods measure how much the same bundle would cost in period t (and the subsequent periods). The expression (Coulson, 2012) is as stated in Equation 5:
where: w n,0 is the share of the actual commodity 'n' in the base period being equal to p n,0 x n,0 /S p n,0 x n,0 (Eurostat, 2011, p. 3 and pp. 18−19) ; I L is the Laspeyres price index. Coulson (2012) also proposes the inclusion of the intercept of the (non-linear) hedonic model to capture the value of all the characteristics of the housing market that are constant across the units in that market, reflecting house price differentials by cities or regions. Indeed, Coulson suggests that the intercept term could serve as arbitrage condition of the differences in price of structural attributes across locations 8 . In this context Coulson forwarded Equation 6 where betas are the hedonic parameters representing shadow prices of attributes (X i ), b 0j is the intercept of the hedonic equation at every 'j's' location and s j 2 is the half of the estimated variance of the error in the hedonic equation as a bias correction 9 .
The following sections of the paper takes into consideration the issues raised in the literature and applies the time dummy hedonic method (HD model) and the imputed price hedonic model (HI model) in calculating house price indices for four Spanish provinces and comparing the results with official indices for Spain.
Data
This section of the paper discusses the database that underpins the modelling and analysis used to generate house price indices initially at the country-wide level for Spain and subsequently for four selected provinces using a quarterly time series from Q1 1995 to Q3 2012.
A major strength of the database stems from the richness of the information in terms of the number of observations, the quality of the information, its geographical reach, locational attributes 10 , and the combination of variables available for each property. In total, the number of observations over the study period is over 3.36 million for the whole Spain, these are properties that have been used as comparable evidence in the valuation process 11 . Each observation has details at an individual house level (12 characteristics) 12 , the neighbourhood level (12 characteristics), at a city level (7 characteristics), and transportation and accessibility factors (3 characteristics). Variable descriptors and summary statistics are provided in Table  S1 13 . These are complemented by a time variable (quarter and year), urban dependence, province and asking prices 14 , capturing in total 31 different attributes for each property. The degree of disaggregation and the flexibility of the database have allowed the analysis to control for groups of attributes following the classification of Bowen, Mikelbank and Prestegaard (2001) and the three location dimension framework of Kiel and Zabel (2008) . Furthermore, the database captures the socioeconomic characteristics of the city and the neighbourhood including income level as well as measures of population flow and density 15 (Table S1 ).
Observations are at property level (microdata) with both the spatial and time dimensions. However, the database has some limitations, in particular the exact location 10 The dataset represents characteristics in different cities and housing markets, the reach of the data allows the estimated hedonic models to avoid the traditional problems of identification resulting from lack of information about unobserved attributes. 11 Data provided by Tabimed a major valuation company, which had a significant presence in the Spanish market until 2012. Only a few other studies have a similar number of observations to this paper. Dorsey, Hu, Myre, and Wang (2010) use 1.1 million transactions and a spatial autoregressive version of hedonic model. 12 Note that the database does not include number of rooms, which is common in other studies. The reason is that this variable is highly correlated with size and including it bias the parameters. The same occurs with number of bathrooms. To have a kitchen or living room had zero variance in the database and were excluded in the analysis. 13 The table can be found in the supplemental material.
14 In Spain, the asking-list price of properties is used in the valuation process. See Taltavull (2012, 2013) . 15 Income level, population flow and density are measured as the valuer's perception when visiting/inspecting the property not in actual monetary terms.
of each property is not available 16 and although information is at the municipality level, neither postal codes nor geo-references are available. Hence, the study does not permit the utilization of a methodology based on the calculation of geo-distances between each pair of houses to build the spatio-time matrix (W) as advocated in other studies (Getis & Ord, 1992) . The level of spatial reference in the database is restricted to the information captured by the variable 'urban dependence' which classifies cities into four categories, namely capital city of provinces (four provinces, level 4); the main city of each county 17 (level 3); independent cities which are defined as those characterized by having their own services (transportation, health, education, level 2); and fourthly, dependent cities reliant either fully or in part on services from other cities (level 1). This classification although nominal has an implied hierarchy of importance and these four levels of urban structure are taken as the location reference in this paper. The database contains the exact date when the observations were taken allowing the construction of indices on a quarterly basis thereby enabling comparison with the official indices.
The database also includes five population variables, one of these (total population) is a numeric variable and the other four (growth, development, density and evolution) and income level are categorical in nature and capture the perception of the valuer (rather than a precise numerical figure) in relation to where the subject property is located. 18 Building the indices database is dependent on the existence of sufficient quarterly observations over the period 1995−2012. Geographically, the analysis is restricted to provinces on the Mediterranean coast of Spain (and Madrid) thereby having a commonality of location at a macro level and similarities in housing markets.
Empirical analysis and modelling
The analysis follows a three-stage process using a loglinear specification. 19 The index is represented by the b j2t parameters and an example of model output is found in Table S2 (supplementary material). The output from this 16 Not supplied by the company due to data protection. 17 Each province has several counties, the number of which varies between provinces. 18 Note this is not a monetary-based measure but a 'quality' perception at the household level of income based on the property and external signals. Hence income is a quality attribute perceived at the point of valuation and is similar to the valuer's sentiment on quality of shopping areas or other neighbourhood characteristics. 19 Note that every b ji remains constant while the values of x ji change among the house attributes.
First, a simple hedonic index (HD, Log Linear Time Dummy Hedonic Regression Model with Quality Adjustment) is generated based on Equation 2 (P
step is the HD house price index based on the parameters estimated from Equation 2 and represented as Equation 7. The indices have been normalized at 1998 (average of four quarters) and the time dummy (D) is quarterly based.
exp( )
The large size of the database allows estimation of indices at the lowest urban area dimension and then reconstructed such that the provincial ('k') index is calculated by multiplying every 'j' urban level index by their weights in the total province observations in the quarter and estimated using Equation 8.
where: Ih HD , kt is the HD index corresponding to province 'k' at quarter 't'; Ih hd , kjt is the index corresponding to the urban level 'j' belonging to province 'k' at quarter 't'; Q jt is the quantity of properties observed at quarter 't' located in urban level 'j' in province 'k' . 20 Second, house price is estimated from the simple hedonic model by imputation method (HI, following Equation 1, P jt = b j0 + Sb ji1 x jit + m jt ) and the imputed (predicted) prices are used to build a Laspeyres 21 index following Equation 6. The specification of the latter in this paper, the so-called as L3 -double imputation method (Hill & Melser, 2008; Hill, 2011) , is applied as it is efficient enough to reduce the underlying and remaining omitted variable bias.
Equation 1 permits an estimator of the shadow prices of attributes and as this by time period, the method allows the estimation of quarterly price by urban area and province, as illustrated in Equation 9 (first step of the calculation sequence). 
Estimation of the value of the index in every quarter 't' is the output as in Equation 10. 
In this case, ĵ i jt P P − refers to the price responses other than those related to location 'j' and 'i' attributes thereby capturing demand-factor impulses from the market.
Once I HI,jt 's are calculated, the HI index at upper level (provinces) is estimated by weighting the HI index at the urban level by the number of observations in the database (as explained in Equation 8 for HD). The HD indices are represented in Figure 1 for the four provinces analysed 20 For instance, for Alicante province, the index is:
Alic r t Alic r t Alic t = ∑ =
with r = 4 (da, ic, cc and pc) urban areas and Q the number of observations by area. 21 Only the Laspeyres index is calculated here following the empirical evidence that the Laspeyres type hedonic imputation index can provide a very close approximation to the theoretically ideal Fisher hedonic imputation index (Diewert, 2010, p. 24 ).
and Figure 2 shows both the HD, HI and the official Spanish housing price index 22 . It is recognised that the level of aggregation causes some degree of constraint in the estimated index due to the absence of a specific space location variable. The total number of models estimated to build HI is 1136 (71*4*4), after the derivation of each model, the estimated price value (ˆj t P ), the estimation errors, variance of errors as well as the estimated parameters for the attributes (ˆj t b ) are computed thereby allowing observation as to whether the impact on prices of the housing characteristics is monotonic over time.
In addition, as the bundle of attributes is heterogeneous, the analysis in this paper tests whether the attributes as such change in order to identify changes in quality and the effect on house prices. It is hypothesized that a change in quality is shown through a shift in characteristics and is captured as a structural change. The latter is tested using Zivot-Andrews Test for breaking points. The rationale for this successive exercise is firstly to test whether house price dynamics depend on the varying methodology underpinning index construction and secondly to examine the relevance of house price index definition.
Results and discussions
Initial comparison of the official indices for Spain shows that the MFOM index (not adjusted by quality) and the INE index (hedonic) coincide until 2011 and diverge afterwards ( Figure S1 ). The house price data used in this paper follow a similar pattern which suggesting that the TABIMED database is representative of the Spanish market. Thus, the indices estimated in this paper essentially adhere to the same cycle as the official government indices (INE unit indices). However, different dynamics by urban area (four urban levels by four provinces) are apparent. Depending on the province, the drivers for house price growth are drawn from different tiers in the urban hierarchy (Figure 1 ) with the largest house price growth rate achieved by autonomous towns and province capitals though in the case of Valencia and Murcia higher growth rates are apparent in dependent urban areas. Between 2007 and 2011, most growth rates are negative showing the extent of house price correction, though some urban areas continued to experience positive growth rates during the crisis. For example, in Murcia this was observed for certain 'level 3' cities; and in Madrid and Alicante for 'level 4' cities.
22 HI calculations implicitly assume that a homogeneous 'typical' house exists in every period, that is, the typical house is allowed to change over time. In this paper, we test the extent of homogeneity over time (Table S3 ) in order to support the assumption of less bias from change in quality in HI index. The evidence that structural changes in relation to the 'typical house' are linked to accessibility or neighbourhood quality, supports the robustness of the HI index. 
HD and HI hedonic indices
Hedonics HD and HI are represented in Figure 2 at province aggregate level. The hedonic (HD) model infers that correcting by quality has several effects on the price estimated index, showing different patterns by province. In some provinces, the hedonic calculation reduces house price volatility (Alicante and Madrid provinces), while for the other provinces the hedonic correction shows greater volatility in house prices (Murcia and Valencia for some periods). These differences suggest that quality changes and conditions do not always modify the index in the same direction. Differences in growth rate are substantial (Table 1 ) with the HI -Laspeyres index showing lower and less volatile house price growth rate than the HD index in all regions. During the period 1998−2012 23 , house price growth was in the range 25−45%. The analysis highlights strong regional differences between the HI and the HD 23 Calculated since 1998 in order to have proper comparison for all provinces, as some provinces lack enough observations to estimate the index for the years 1995−1997 using a quarterly base.
indices during the expansion period (2004−2005) with convergence of the two indices in Murcia, but HI shows higher growth rates in Madrid. The recession period is characterised by negative house price growth rates in Valencia, Murcia and Alicante, whereas the Madrid still exhibited positive growth in house prices. The role of each attribute is shown in Table 2 which details the estimated parameters explaining HI housing prices for Alicante province.
Those with larger marginal impact are (not surprisingly), size (b m2 = 0.811) 24 and type of building (b type = 0.101), followed by a bundle of neighbourhood characteristics: quality of shops in the neighbourhood (b qshops = 0.118), population density (b p = 0.035), income (both in the neighbourhood and in the city, (b income = 0.096 and 0.054 respectively), quality of leisure amenities (b qleisure = 0.080), Resarea (residence typology in terms of first or secondary home, b resarea = 0.092), and economic activity in the area (b eco = 0.035). Those attributes that are strictly . This suggests that the main determinant for house prices are neighbourhood attributes. Hence, indices failing to control by location/ characteristics of the surrounding area could be biased. The effects of missing neighbourhood quality change thus limit the ability of the index to control by quality.
Discussion
As the HD estimations do not allow the attribute parameters to vary with time, the results suggest that the model structure reflects the weights given to each attribute during the first part of the time series period but differ from the pattern in the second period. The test for breaking points in attributes 25 supports this argument and suggests that a change in quality accounts for part of the observed house price growth and that remaining differences reflect other price impulses. HI seems better placed at capturing the changes in quality while the HD model reflects exogenous influences 26 such as the market influx on house prices from the demand side. One of these components could also be due to autocorrelation (spatial and time) in the data 27 .
Models from the HI Hedonic Imputed suggest that there is a pattern of initial growth characterised by rising house prices until 2005 followed by stable house prices suggesting that the share of price explained by property quality was increasing until 2005 but then stabilized. These results contrast with those from the HD model, notably over the period [2005] [2006] [2007] [2008] [2009] [2010] , illustrating that differences in house price growth and the extent of the level of growth is dependent on the methodology used. One interpretation 28 is that the hedonic dummy method does not take into account variability in the price of attributes (assumed to be constant over the period by the method) hence the index loses its capacity to capture quality changes over time. By contrast HI allows the estimated betas to vary. It seems that the type of dwellings sold over the boom and bust periods 25 Performed in the typical house's section 5.1. 26 When the Ph_hat is estimate in a 'HD model, the values are equal to the observed asking prices. This is why it is not necessary to calculate an index using the traditional method (Laspeyres or Paasche), in a model controlled by attributes plus time dummies. The time dummies capture any external influence on prices. 27 Note that papers explaining imputed price methods based on traditional indices (Laspeyres, Paasche or Fisher) using the estimated prices obtained directly from a hedonic model do not allow intercept and attribute parameters to change over time and then capture the time effect. 28 We want to thanks to an anonymous referee for provide this highlight.
have varied to the point that either the relative prices of attributes changed or that comparing the reference house at the end of the period to the same house at the beginning does not make sense. Such reaction could be capturing changes in the type of house sold over time and may also reflect changes in market liquidity. For example, during the boom practically any type of unit was easily sold, even if of low quality, hence the rising quality adjusted prices while during the bust, the number of transactions declined and only certain types of dwellings were sold. One would have expected that only the very good houses got sold, so that the quality increase was such that the price would decline even more when adjusting for quality. The house price index evolution compared in Figure 2 suggests that HD and HI are measuring different concepts. The HI construction estimated price of the total attributes, letting the errors capture the increase in price due to other factors (as defined by Rosen). In essence, the HI models essentially provide an index of quality rather than an index controlled by quality, whereas the HD models isolate house prices from their components (time and attributes) obtaining an index adjusted by quality. The different methods of construction mean that the interpretation of HI indices is not the same as that for HD indices; the former are indices of quality prices and the latter indices of house price controlled by quality. Thus both are complementary rather than substitutive, and both partially capture true quality controlled house price. As a consequence, in the case of HI the price growth rate could be calculated based on the equation residuals rather than on the imputed prices whereas in the case of a HD index, the equation to estimate dummy parameters includes a sufficient number of characteristics to control by quality though the effect on prices of the unobserved or omitted key attributes may produce an index not fully controlled by quality.
The 'typical house'
A further point of discussion relates to estimation of the 'typical house' attributes structure to guarantee that the index is controlling by changes in quality and the assumption that it can change over time, explaining the results found in the two estimated indices. In this respect, some evidence about changes in quality of the whole stock is needed to identify whether this type of change occurs and when. In the case of no statistically significant changes in housing attributes (which determines the 'type of house' in the long term), a house price index measuring the same initial attribute structure should be precise in capturing price changes. However, a change in attributes could introduce a bias in the estimated house price index capturing 'inexistent shifts' in prices and in fact actually measuring changes in the type of house on the market. To illustrate this point further, the current database is used to identify shifts in quality (attributes) over the time. Table S3 (supplementary material) shows the significance of Zivot-Andrews test of breaking points and its application to the density distribution for categorical variables and ex-treme percentiles (5%, 25% and 75%, 95% and 99% of the distribution) for continuous variables. It is expected that a break point being statistically significant gives information about the changes in quality as well as the time when it occurs. Specifically, the results add evidence about the change in Alicante province and, indirectly, the accuracy of the estimated indices.
The Zivot-Andrews test confirms that many of the attributes experience a structural change in their median around 2005−2006 mostly in certain categories. Those variables experiencing structural change in all categories are income at city and at neighbourhood level, train and underground proximity, and size of the property (m 2 ). The latter suggests a dramatic change in house size since 2004−2005 while the former captures change in income affecting housing prices in 2005. Other parameters show a change in the upper attribute categories. For example, population (development, density and growth) shows breaks in 2005 in their higher categories (high density, growth stable and positive, and population breaking the median in the right tail of distribution namely the more populated cities). Spatially breaks are apparent in locations with primary homes associated with good or very good road quality, with expansion of the shop network (in areas with bad and poor quality), improvements in accessibility by train and underground, in apartment buildings, and with low density. At a property level, the Zivot-Andrews test finds that lower density buildings report a break in the median for both poor views (common in apartment buildings) and very good views (with the best locations). The test also reports a change in construction quality also during 2005.
The results suggest that most changes in housing attributes have taken place during 2004−2005 and many of them across the neighbourhood characteristics. This supports the contention that the 'typical house' has remained mostly unchanged (changing mainly the size) and other attributes are significant only for a particular quartile of the distributions confirming that the main sources of price change comes from location and improvements in facilities and amenities and not the house itself. The indices estimated in this paper respect these quality changes and infer that the identified changes in HI indices are due to changes in quality at a local, neighbourhood level. The results also cast some doubt about the extent to which control by quality in house price index construction is an appropriate method when the main cause of house price change is external to the property.
Conclusions
This paper produces several house price indices for Spain and selected Spanish provinces controlled by quality using asking prices over a long-run period from 1995 to 2012. The paper utilises two hedonic models to fit the pricing process: the conventional Hedonic using time-dummies variables (HD) indices that does not allow the parameters to change with time and the imputed price Hedonic (HI), allowing parameters to change with time. The HI indices are built using a Laspeyres index definition.
The findings highlight that changes in quality is relevant in explaining house price increase in Spain and differences at a spatial level. In this respect, the paper makes an important contribution to understanding housing market dynamics and behaviour through providing a more informed insight to the Spanish market in what was a period of significant growth and later decline. The paper also and perhaps even more significantly adds to the knowledge base on how constant quality indices can differ appreciably from non-adjusted housing price indices, in this context the empirical study articulated in this paper supports theoretical principles.
The findings of this paper add to literature base regarding how different index methods within seemingly large datasets can incorporate bias in hedonic price indices due to the relevance of neighbourhood information in explaining price changes. The paper also highlights the different results depending on the hedonic methodology to estimate the index. The difference between the HD and the HI suggests that both methods together could capture the effect on prices coming from market innovations and is relevant in identifying the potential existence of price bubbles. The paper also discusses and tests the concept of a 'typical house' when calculating price indices. The results suggest that where a typical house is defined, in building either a Laspeyres or Fisher index with HD, it is only necessary to include housing attributes and let time dummies capture socio-economic changes.
The analysis, while having specific implications for housing in Spain, has wider transferable application for housing markets in other countries where seemingly high and unsustainable rates of price growth led to unsustainable levels of bank exposure due to lending in the property sector; a key ingredient of the financial crisis and problems in certain Euro-zone countries. In this respect, the fundamental message from the paper is that house price indices not controlling for quality and space-time effects can produce a distorting effect on the scale of both market growth and decline and thereby accentuate the impact of property and house prices at a macro-economic level.
